Di-t-Butylhydroquinone is an antioxidant that may be used in cosmetic products; currently, however, there are nio reported uses. Di-t-Butylhydroquinone is approved for use as an indirect food additive. Very little data relevant to assessing the safety of Di-t-Butylhydroquinone in cosmetics are available. In a study in which rats were exposed to 2% Di-t-Butylhydroquinone in their feed, all died within 2 weeks. Other studies reported results that vary as a function of the base feed used. In a chrlonic study, rats fed up to 0.2% Di-t-Butylhydroquinone did not exhibit a significant response. Exposure of male Syrian hamsters to 1% Di-t-Butylhydroquinone in the feed resulted in inflammation, hyperkeratosis, hyperplasia, and ipapillomas in the nonsquamous stomach. Animal tests show that Di-t-Butylhydroquinone as low as 10% can cause erythema, but not sensitization. Di-t-Butylhydroquinone does not appear to cause depigmentation. However, additional safety data are needed. Information is needed on the concentration of its use in cosmetics, the presence of impurities, UV absorption, 28-day dermal toxicity, skin penetration, dermal irritation and sensitization, and genotoxicity, (two different assays, one in a mammalian system). Additionally, if there is UV absorption, photosensitization data are needed; if there is significant skin absorption, reproductive and developmental toxicity data may be needed; and if there is positive mutagenicity, a dermal carcinogenicity assay is needed. In the absence of these data, it was concluded that the available data are not sufficient to support the safety of Di-t-Butylhydroquinone in cosmetic products. Key
COSMETIC INGREDIENT REVIEW
OH I OH Di-t-Butylhydroquinone is also known as 2,5-Di-t-Butylhydroquinone; 2,5-Ditert-Butylbenzene-1,4-diol (RTECS, 1993) ; Hydroquinone, 2,5-Di-tert-Butyl- (RTECS, 1993; Lide, 1993) ; 2,5-Di(tert-Butyl)-I ,4-Benzohydro-quinone (Nakagawa and Moldeus, 1992); 23-Ditertiary Butyl Hydroquinone (Eastman Kodak Company, 1993a); 2,5-Bis( I , I-Dimethyl-ethyl)-l,4-Benzenediol; and 1,4-Benzenediol, 2,5-Bis( I , I-Dimethylethyl)- (Wenninger and McEwen, 1993) .
PHYSICAL AND CHEMICAL PROPERTIES
The physical and chemical properties of Di-t-Butylhydroquinone are summarized in Table 1 .
MANUFACTURE AND PRODUCTION
Published data on the method of manufacture of Di-t-Butylhydroquinone were not found.
ANALYTICAL METHODS
Di-t-Butylhydroquinone was determined in commercial samples and oils using three spectrophotometric methods (Sastry et al., 1993) . The methods were based on the formation of colored species with the reagents Fe(III)-2,4,6-tripyridyl-Sazine, triphenyl tetrazolium chloride, or 10-,/Mo(Vl)/l p/metol-sulphanilamide.
ULTRAVIOLET ABSORBANCE
Published data on the ultraviolet absorbance of Di-t-Butylhydroquinone were not found. 
IMPURITIES
Published data on the impurities of cosmetic grade Di-t-Butylhydroquinone were not found.
USE

Cosmetic
The product formulation data submitted to the Food and Drug Administration (FDA) in 1994 did not report Di-t-Butylhydroquinone as being present in any cosmetic formulations (FDA, 1994) .
International
Published data on the international use of Di-t-Butylhydroquinone were not found.
Noncosmetic
Di-t-Butylhydroquinone is approved for use as an indirect food additive (Rothschild, 1990 ).
GENERAL BIOLOGY
Absorption, Distribution, Metabolism, and E,xcretion
Published data on the absorption, distribution, metabolism, and cxcretion of Di-t-Butylhydroquinone were not found.
Cytotoxicity
The cytotoxic effects of Di-t-Butylhydroquinone, as well as phenyl-hydroquinone, hydroquinone, and t-butylhydroquinone, in dimethyl sulfoxide (DMSO) at < 1% were examined using isolated rat hepatocytes (Nakagawa and Moldeus, 1992) . Di-t-Butylhydroquinone was the least toxic of the hydroquinones studied; exposure to 0.5 mM Di-t-Butylhydroquinone resulted in approximately 40% cell death after 3 h. The onset of cell death was not directly related to thie rapid loss of adenosine triphosphate (ATP) caused by Di-t-Butylhydroquinone. Toxicity was correlated with the rate of oxygen consumption in Krebs-Henseleit buffer without hepatocytes. Superoxide anions were not generated by iautoxidation and Di-t-Butylhydroquinone, and Di-t-Butylhydroquinone did not form reduced glutathione (GSH) conjugates; however, t h e other hydroquinones produced both.
Nakagawa and Moldeus (1992) suggested that Di-t-Bul ylhydroquinone has a different mechanism of cytotoxicity than that of the other hydroquinones. The cytotoxicity induced by Di-t-Butylhydroquinone may result from the "perturbation of intracellular Ca'+ homeostasis because this compound is a potent and selective inhibitor of liver microsomal Ca' ' sequestration, and increased cytosolic Ca" concentrations precede the onset of cell death induced by some chemicals and oxidative stress."
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ANIMAL TOXICOLOGY
Acute Toxicity
Oral A 15% solution of Di-t-Butylhydroquinone in propylene glycol was administered orally to rats at doses of 100-3,200 mg/kg and to guinea pigs (Eastman Kodak Company, 1993a) . (It was not specified whether the range of doses was the same for both guinea pigs and rats; the number of animals per group, strain, and sex was not specified for either species.) Rats that received 3 1,600 mg/kg died within 5 days of dosing, whereas the rats receiving doses < 1,600 mg/kg survived. Guinea pigs dosed with 800 mg/kg Di-t-Butylhydroquinone died within 5 days of dosing. Surviving animals of both species had normal body weight gain after 14 days.
Mice were dosed orally with a 4% solution of Di-t-Butylhydroquinone in propylene glycol at doses of 100-3,200 mg/kg (number of animals per group, strain, and sex not specified) (Eastman Kodak Company, 1993a). Deaths occurred within 5 days of dosing with 1,600 mg/kg. Surviving animals had normal body weight gain after 14 days.
Di-t-Butylhydroquinone was administered via stomach tube to albino rats as a 20% solution in ethanol at a concentration of 500 or 1,000 mg/kg, one rat per dose, and to five rats as a 30% solution in cottonseed oil at a concentration of 1,500 mg/kg (Wilson and Poley, 1960) . The only observations made were mild depression, attributed to ethanol, and soft feces, attributed to cottonseed oil.
Parenteral
A 15% solution of Di-t-Butylhydroquinone in propylene glycol was administered via intraperitoneal (i.p.) injection to rats at doses of 100-3,200 mg/kg and to guinea pigs (Eastman Kodak Company, 1993a). (It was not specified whether the range of doses was the same for both the guinea pigs and the rats; the number of animals per group, strain, and sex was not specified for either species.) Rats that received 2200 mg/kg died within 5 days of dosing, whereas the rats that received doses <200 mg/kg survived. Guinea pigs dosed with 800 mg/kg died within 5 days. Surviving animals of both species had normal body weight gain after 14 days.
Groups of rats were dosed with Di-t-Butylhydroquinone in octoil by i.p. injection (number of animals per group, strain, and sex not specified) (Eastman Kodak Company, 1993b) . The LD,,, was of the order of 180 mg/kg. This was considered a moderate degree of toxicity.
Mice were dosed with a 4% solution of Di-t-Butylhydroquinone in propylene glycol by i.p. injection at doses of 100-3,200 mg/kg (number of animals per group, strain, and sex not specified) (Eastman Kodak Company, 1993a). Deaths occurred within 5 days of dosing with 800 mg/kg. Surviving animals had normal body weight gain after 14 days.
Mice were dosed with solutions of Di-t-Butylhydroquinone by i.p. injection (number of animals per group, strain, and sex not specified; vehicle not specified) (Eastman Kodak Company, 1993b) . The LD,,, was of the order of 390 mg/kg. This was considered a moderate degree of toxicity.
Short-Term Toxicity
Orul Three groups of 20 rats (strain and sex not specified) were fed a diet containing 0.05, 0.5, or 2% Di-t-Butylhydroquinone for 5 weeks #(Eastman Kodak Company, 1993a). Body weight gain was almost normal for the rats of the group fed the diet containing 0.05% Di-t-Butylhydroquinone but was slightly reduced fomr rats of the 0.5% group. Within 2 weeks of study initiation, 100% mortality was observed for the 2% group. The rats of this group exhibited "gross depression"; n o other remarkable signs were reported.
Holtzman rats, six males per group, were fed 0.1, 0.15, o r 0.2% Di-t-Butylhydroquinone in either a highly purified diet complete: in all known nutrients or in a natural feed stock ration for 14 days (Ershoff, 1963:) . Control groups were fed a highly purified diet or natural feed stock only. Body weights were determined weekly.
A significant difference in response was observed between the groups fed the different base feeds. Body weight gain for rats of the groups fed Di-t-Butylhydroquinone in a natural feed stock ration did not (differ significantly from the controls, and no gross observations were made. However, body weight gains for rats of the groups fed Di-t-Butylhydroquinone in a puirified diet were significantly decreased compared with controls; the decrease was particularly marked during the first week. An unkempt appearance and varying degrees of alopecia were also observed. Two rats of the group fed 0.2% Di-t-Butylhydroquinone died on study.
A second study was performed following the same procedure using Long-Evans rats, eight males and eight females per group (Ershoff, 1963) . Again a difference in response was observed dependent on the basal diet. A marked decrease in body weight gain and an unkempt appearance were observedl for male and female rats fed Di-t-Butylhydroquinone in a purified diet; three rats of the groups t;ed 0.15 and 0.2% Di-t-Butylhydroquinone died on study. Body weight gains were less markedly decreased for male and female rats fed Di-t-Butylhydroquinone in a stock diet; no gross observations were made for these rats and none died o n study.
Female mice of the CD-I and C3HIHeJ strains were placed into three groups (20 mice per strain per group) (Ershoff, 1969) . A control group was fed a highly purified basal diet and the two test groups were fed the basal diet plus 0.25 or 0.5% Di-t-Butylhydroquinone for 16 weeks. Body weights were measured weekly. A significant difference in response to Di-t-Butylhydroquinone was observed between the strains. All CD-1 mice survived until study termination and no significant differences were observed between mice of the test and control groups. Of the C3HlHeJ mice, five fed 0.25% and 18 fed 0.5% Di-t-Butylhydroquinone died during days 5-7 of feeding. However, no significant differences were observed between surviving C3H/HeJ mice of both dose groups and thle controls.
A single dog was fed 0.5 glkg Di-t-Butylhydroquinone for 5 days (Eastman Kodak Company, 1993a). The diet was then varied for three 30-day periods in which the dog was fed 0. I , 0.2, and 0.3 glkglday, respectively. A secolnd dog was fed 0.02 g/kg/day for a 2-month period. During the initial 5-day period, .the first dog was vomiting, had poor appetite, and decreased body weight. During the first two
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30-day periods, the animal appeared to be in good health but there was no change in body weight. During the last 30-day period, the animal again had decreased body weight. The second dog was normal throughout the study.
Parenteral
Rats were dosed with 6200 mg/kg Di-t-Butylhydroquinone by i.p. injection 5 dayslwk for approximately 4 weeks (strain and sex not specified; vehicle not specified) (Fassett and Roudabush, 1952) . One or two animals were used for each dose; controls were dosed with vehicle only. No marked effects on body weight gain were observed.
Rats (strain and sex not specified) were dosed with a 10% solution of Di-t-Butylhydroquinone in propylene glycol by i.p. injection for a period of 1 month (Eastman Kodak Company, 1993a). One rat was used per dose; doses ranged from 10-200 mg/kg/day. Body weight gain was normal. No hematologic effects were noted and no animals died on study.
Chronic Toxicity
Albino rats, 10 males and 5 females per group, were fed commercial chow or a basal diet containing 0.0125, 0.025, 0.05, 0.1, or 0.2% Di-t-Butylhydroquinone (Wilson and Poley, 1960) . (There were only five males in the group fed chow containing 0.0125% Di-t-Butylhydroquinone as opposed to 10 males in each of the other groups.) Control groups were fed commercial chow or basal diet only. Half of the male rats of all groups and all of the female rats fed commercial chow were killed after 200-216 days. The remaining animals were killed after approximately 500 days. Body weights and feed consumption were determined and general observations were made weekly until interim necropsy; body weights and feed consumption were then measured monthly.
Body weight gains were normal for rats of all test groups, with one exception; female rats of the group fed a basal diet containing 0.2% Di-t-Butylhydroquinone had significantly reduced body weight gains. After 100 or 200 days, the red and white blood cell counts and the hemoglobin concentrations for rats of the groups fed 0.2% Di-t-Butylhydroquinone were similar to control values, and hemoglobin values were normal after 500 days on study. No significant differences were observed in organ weights or tissues examined grossly or microscopically between animals of the test and control groups after 500 days of dosing.
Male Syrian hamsters, 16 per group, were used to determine the potential of Di-t-Butylhydroquinone to induce gastric lesions (Lam and Garg, 1991) . For 24 weeks, the test group was fed a semipurified diet containing 1% Di-t-Butylhydroquinone and a control group was fed a semipurified diet only. Average feed consumption was 8-10 g/day. Body weights were determined weekly for the first 4 weeks and then monthly. The growth rate and terminal body weights of the test group were slightly, but not statistically significantly, decreased compared with the control group. In the nonsquamous stomach, animals of the test group had statistically significantly increased incidence of moderate to severe inflammation (14/16 animals) and hyperkeratosis (14/16 animals), mild (15/16 animals), moderate
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(1446 animals), and severe hyperplasia (14/l6 animatls), and papilloimas that invaded the submucosa (l4/16 animals) as compared with the control group.
Dermal Irritation
A 20% solution of Di-t-Butylhydroquinone in acetone/oil ( I : 1) was applied to the depilated skin of guinea pigs (number per group, strain., and sex not specified) (Eastman Kodak Company, 1993a) . A dose range of 5--20 rril/kg was applied under an occlusive patch for 24 h. The solution produced slight erythema and it may have been a slight irritant. (The irritation-producing doses were not specified.) Long-term damage was not observed.
Ten percent solutions of Di-t-Butylhydroquinone in ethyl alcohol o r cottonseed oil, 0. I ml, were applied dermally to rabbits and guinea pigs 5 days/wk for 2 weeks (number per group, strain, and sex not specified) (Wilson and Poley, 1960) . Visible crystalline deposits appeared on evaporation of the alcohol iin the Di-t-Butylhydroquinone/ethyl alcohol solutions; these deposits were usually nonirritating. Application of Di-t-Butylhydroquinone in cottonseed oil resulted in erythema occurring within 24 h; erythema was not observed after 48 h. Repeated application of the oil solutions increased hyperemia and produced papular eruption followed by scab formation over the entire area. The skin appeared normal approximately a month after termination of dosing. Sensitization A sensitization test was performed (details not speciified, but the report referred to the test as typical) using a 0. I-M solution of Di-t-Bultylhydroquinone: in acetonedioxane-corn oil (Eastman Kodak Company, 1993a) . ,4 greater reaction was observed on application of the challenge dose than with the initial dose:; therefore, Di-t-Butylhydroquinone was considered a sensitizer of low activity. ]However, it was noted that there was some difficulty with the solvent used, in that the control animals also had greater reactions at challenge. Conselquently, the following study was performed.
A 0. I-M solution of Di-t-Butylhydroquinone in acetone-dioxane-guinea pig fat (to which the animals had shown a lack of allergenic potential) was tested (Eastman Kodak Company, 1993a). The scores observed at challenge were only slightly greater than those seen with the first appllication. In this test, Di-t-Butylhydroquinone was not considered a sensitizer.
The sensitizing potential of Di-t-Butylhydroquinone was examined according t o the methods of Draize et al. (1944) using guinea pigs (Wilson and Poley, 1960) . T h e test solution was prepared by dissolving 0.1 g Di-t-Butylhydroquinone in 5 ml ethyl alcohol, adding 0. I ml polysorbate 80, and diluting to 100 ml with1 0.9% NaCl solution. A sensitization reaction was not observed.
